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Abstract 
Problems of sewer pipelines arising due to corrosion and biofouling are analyzed. Currently used methods of corrosion control of 
steel pressure pipes are designed to eliminate the consequences rather than the causes of surface oxidation. The task of preventing 
or achieving the lowest possible corrosion damage intensity is to ensure maximum efficiency of the pipeline protection which 
will increase as a result of economic indicators of the systems under consideration. Contemporary sewage pipelines represent a 
complicated complex of interrelated structures where various physical, chemical and biological processes take place. The 
implementation of such processes is not controlled and is accompanied by considerable costs connected in particular with 
pipeline replacement, repair of the sewage wells, reimbursement of harm done to water handling facilities. Recommendations 
about the prevention and the protection against the corrosion of existing and sewer pipelines that are being designed are provided. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICIE 2016. 
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Water removal systems are one of the most important types of engineering equipment providing all the necessary 
sanitary and hygienic conditions for the life of population and a secure work of industrial enterprises. The efficient 
protection against corrosion caused by various factors is an indispensable condition of a long lasting and a secure 
exploitation of the system of sewage pipe lines of various industries [1-5]. Today the sewage pipelines suffer from a 
problem: the existing protection against corrosion does not provide necessary safety. Thus the sewage pipeline net 
cannot be used in accordance with the existing norms. 
 
 
* Corresponding author. Tel.: +7(442) 96-99-13; fax: +7(442) 97-49-33. 
E-mail address: viv_vgasu@mail.ru 
 016 The Authors. Published by Elsevi r Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons. rg/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICIE 2016
2382   E.V. Moskvicheva et al. /  Procedia Engineering  150 ( 2016 )  2381 – 2386 
The corrosive damage of pipelines is often the reason of large scale pollution of the hydrosphere and the 
lithosphere. It is indispensible to know the theory of corrosion process and methods of protection for a correct 
organization of the practical work concerning the protection of pipelines form the protection. 
That’s why the goal of the prevention or the attaining the possible minimum intensity of the corrosion formation 
is to provide the maximal efficiency of functioning of sewage pipelines that is directly connected with the increase 
of economic indices of water systems and enterprises. 
The article provides the results of the scientific research directed on the improvement of the exploitation of the 
sewage net: the prophylaxis and protection of the pipelines against corrosion and the increase of the durability term 
of pipelines use, the development of the most ecological and economical way of protection of the interior surface of 
sewage pipelines against corrosion. 
The opportunity to reduce the corrosion of the interior surface of sewage pipelines using the oxidation products 
of sulfate restoring bacteria is proved. They are the source of metal corrosion and it was shown that at ĳ=0,2 V the 
oxidation products form with ferrous ions Fe2+ a stable complex entitled ferrocene which is an inhibitor [1,7-10].
In order to make an experiment various factors influencing the interior corrosion of sewage pipelines were 
studied. The biological corrosion or the corrosion caused by microorganisms was found to be the most important 
factor. From this point of view the sulfate restoring anaerobe bacteria (restore sulfates from sulfides) that inhabit 
aqueous medium have the largest importance. The influence of precipitations on the internal surface of pipelines on 
the corrosion speed was determined [2,17-19]. 
In order to compare the results obtained using the examples with precipitations the curves were photographed on 
the basis of initial samples in corresponding media. As a result of changes the polarized curves were obtained that 
are presented in figures 1 and 2. 
 
Fig. 1. Polarized curves used for samples of steel 20 in solution 3% NaCl.  
1 – initial sample; 2 – sample with carbonate precipitations. 
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Fig. 2. Polarized curves for samples from steel 20 in medium NACE (0,8 g/l H2S).  
1 - initial sample; 2 – sample with sulfide precipitations. 
The analysis of the polarized curves showed that the speed of the corrosion of steel samples (steel 20) both in 
medium with carbonate precipitations in medium 3% NaCl (iKOP2=0,00631 mȺ/sm2), an in sulfide medium NACE 
(iKOP2=0,316 mȺ/sm2) is higher in comparison with the speed of corrosion of initial samples (iɄɈɊ1=0,0084 
mȺ/sm2 ɢ iKOP1=0,178 mȺ/sm2 correspondingly). At the same moment the presence of the precipitation on the 
surface of metal leads to the replacement of its potential into the zone of positive values of 90 mV for the sample 
with carbonate precipitations and of 25 mV sulfide precipitations. This fact is connected with cathodic 
characteristics of precipitations. It was shown that the speed of corrosion grows with the increase of the pellicle 
thickness formed by the sulfate restoring bacteria [3,19-21].
The sulfate restoring bacteria take part in the decomposition of simple and complicated substrata including 
proteins, grease, carbohydrates and cellulose tissues. Together with carbohydrate oxidizing bacteria they take part in 
the oxidation of carbohydrates. The corrosion taking place in presence of sulfate restoring bacteria is characterized 
by specific characteristics. Corrosion precipitations appear on the metallic surface in the form of a dark crust and 
porous bumps. They consist of sulfates, carbonates and hydrates of ferrous oxides and comprise numerous colonies 
of the sulfate restoring bacteria. The corrosive manifestations in the form of pittings quickly appear under the 
pellicle of precipitations. The through perforation can take place during several months. 
The relationship between the spreading of sulfate restoring bacteria in sewage waters with dissolved in them 
organic sub-stances mainly with carbohydrates was established [4,11-17]. The development of sulfate restoring 
bacteria in a number of experiments took place at an average content of the organic substances in sewage waters of 
9-33 mg/l. At a lower content of organic substances in water the bacteria was not found. The dissolved organic 
matter can be carbohydrates, oils, nitrogen containing substances, oxygenated compounds of type naphtenic acids, 
fatty acids, resins, humates. 
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During the experiment the results of the anode impact gave the most interesting results. The study of the impact 
of the anode processing showed that at the thickness of the pellicle of sulfate restoring bacteria not less than 100 
mkm and at the current density 0,01 Ⱥ/dm2 a number of reactions takes place including the reaction of the product 
obtaining using the components of sulfate restoring bacteria that forms with the ion Fe2+ polynuclear ferrocenes that 
are a pellicle with a high adhesive capacity on the steel surface (steel 20) resistant to the oxidation. The pellicle is 
not destroyed for a long period of time and is a favourable base for sulfate restoring bacteria where the creation of 
sulfide precipitation is inhibited. The chemical composition of inhibitors (ferrocenes) is the following: 
[Fe(C5H5)(CO)2]2, Fe(C5H5)(C6H7), (CO)3FeC6H7-C6H7Fe(CO)3, C5H5FeC5H4R, where R – radical including six 
membered ligand.
It was shown that the corrosion process can actively take place at the presence in the corrosion medium of 
substances that are not oxidants (proteins, grease, carbohydrate, cellulose). Iron and steel pipelines display their 
untypical characteristics interacting with sugar ions, sodium chloride vinegar and sodium dissolved in water medium 
that is showed experimentally. 
The kinetics of adsorption was studied registering the cur-rent reduction (for about 0.6 V more negative than the 
stationary one) when new substances that are not oxidants (biocide inhibitors – substances I-IV: sugar, cellulose, 
milk acid, cacao oil) were introduced into the basic solution. Using the results of weight measurements the 
coefficient of inhibition of corrosion Ȗm by the substances I-IV (Ȗm = Ʉm / Ʉm/, where Ʉm, Ʉm/ – degree of corrosion 
with and without inhibitor) and the degree of protection Zm were calculated. 
The activity of substances I-IV was studied by the method of diffusion in nutrient agar according to the diameter 
of the zone of microorganisms growth suppression in PSP. The statistical processing of the results of 
electrochemical study was made for the probability 0,95, and number of trials  n = 3. The obtained experimental data 
is given in figure 3.
 
Fig. 3. Polarized anode (1/-5/) steel curves (steel 20) in 0.1Ɇ NaCl 
1/ – without additions; 2/ – with addition III; 3/ –  with  addition   II; 4/ – with addition I; 5/ – with addition IV 
All the studied substances reduce the stream of steel corrosion (steel 20) in the solution of NaCl in 3,55-4,47 
times. At the same moment substances II and III shift ȿɫ  of the steel into the anode area for about 25-35 mV that 
proves presumable reduction of the anode process. The substance I dislocates ȿɫ to a negative zone at 15 mV i.e. 
mainly inhibits the cathodic reaction of the steel corrosion (Ȗɤ/Ȗɚ § 1,5). Substance IV obviously does not influence 
the potential of the free corrosion of steel (Ȗɤ/Ȗɚ § 1). Among the studied compounds the maximal degree of steel 
protection in solution NaCl is provided by the substance IV, Ȗɫ = 4,47, degree of protection Zɫ = 77,7% i.e. formed 
during 30 minutes at ĳ=0,3V. 
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Fig. 4. Dependence of cathodic current on the absorption time in steel 20 
ɚ – substances II (1) and III (2); b – substances I (1) and IV (2) 
The character of absorption of substances I-IV suggested on the basis of the calculation of the electronic density 
in their molecules matches with the experimental data of the reduction of the cathodic current in time at the 
introduction of substances I-IV into the solution of the base (figure 3). A slow absorption length (10-20 s) of 
substances II and III proves its physical character and a long absorption (more than 120 s) of substances I and IV – 
proves chemisorption.  
Thus the research made proved the assumption about the anticorrosive activity of substances I-IV when 
interacting with sulfate restoring bacteria made on the basis of their structural composition.  
Consequently the opportunity of substances I-IV when interacting with sulfate restoring bacteria to inhibit 
particular electrolytic reactions of the corrosion process is not crucial in the corrosion reduction caused by sulfate 
restoring bacteria. The products of vital functions of sulfate restoring bacteria are capable of changing the efficiency 
of the protective action of corrosion inhibitors.  
Conclusion 
On the basis of the analysis of results of experimental research the recommendations in prophylaxis and 
protection against corrosion the existing and designed sewage pipelines are made. 
For sewage pipelines with the diameter 200 mm and the length 50 m the recommended current is i=30-40 Ⱥ at 
the stream density j=0,01-0,02 Ⱥ/dm2, the oxidation potential relative to chlorine and silver electrode 0,22 - 0,28 V. 
The recommended time of treatment is varied from 8 till 15 minutes in dependence on the diameter of the pipeline 
and the thickness of precipitations in it. 
Thus the possibility of the influence of the constant anode electric current for the protection of pipelines against 
corrosion of water removal systems was experimentally proved therefore creating optimal conditions for their 
exploitation.
References 
[1] I.V. Semenova, G.M. Florianovich, A.V. Khoroshilov, Corrosion and corrosion protection, FIZMATLIT, Moscow, 2002. 
[2] V.M. Abbasov, I.A. Mamedov, E.Sh. Abdullayev, Protection of steel from corrosion with hydrogen sulfide bactericides, Protection of metals. 
2 (1995) 206௅208. 
2386   E.V. Moskvicheva et al. /  Procedia Engineering  150 ( 2016 )  2381 – 2386 
[3] E.V. Moskvicheva, A.A. Boleev, R.V. Potolovsky, O.P. Radchenko, T.F. Ryltseva, Studies of internal corrosion sewers, Vestnik of the Volga 
state. arh.-building. univ. Series: Construction and architecture. 44 (2011) 300௅306. 
[4] E.V. Moskvicheva, A.A. Boleev, R.V. Potolovsky, O.P. Radchenko, O.Y. Akimov, Features of wastewater containing water-dispersion 
acrylic paints for construction application (VD LKM), Vestnik of the Volga state. arh.-building. univ. Series: Construction and architecture. 
44 (2011) 290௅294. 
[5] S.Y. Andreev, Intensification of work of sewage treatment plants with dispersed water-air mixture, Ph.D. diss., Penza, 2007. 
[6] E.V. Moskvicheva, P.A. Sidyakin, D.V. Shitov, D.O. Ignatkina, Recycling waste products into secondary raw materials as one of the 
conditions for ensuring industrial safety at the enterprise, Vestnik Volgogr. state. arh.-building. univ. Ser.: Construction and architecture. 56 
(2014) 201௅211. 
[7] M.G. Mc.Carry, C. Tongkasame, Water reclamation and alge jervesting, J. Water Poll. Control Fed. 5 (1971) 824௅835. 
[8] J.M. Rovel, J Water Pollut. Contr. Develop. Bangkok Countries Proc.: Int. Conf. (1978) 493௅502. 
[9] L.G. Ivanova, V.D. Sidorenko, I.A. Udovenko, L.V. Kumchy, Cleaning oil and phenol-containing water by electric treatment, Journal of 
Applied Chemistry. 2 (1976) 424௅430. 
[10] N.J.D. Graham, C. Harward, Coagulation of upland coloured water with polyferric sulphate compared to conventional coaqulants, J. Water 
SRT Aqua. 3 (1996) 143௅154. 
[11] J.G. Anderson, C. Webb, G.M. Black, B. Atkinson, Process Engineering Aspects of Immobilised Cell Systems, Institution of Chemical 
Engineers Publications, Rugby, 1986. 
[12] US Patent 4728404. (1988). 
[13] V.V. Sviridov, Patterns of water purification from oil and oil products via sorption-coalescing materials, Ph.D. diss., Ekaterinburg, 2005. 
[14] C.R. Curds, H.A. Hawkes, Ecological Aspects of Used-water Treatment, Academic Press., London, 1975. 
[15] I.C. Holdiug, Polshiug sewage effluents, Effluents and Water Treatment Journal. 12 (1972) 665௅672. 
[16] E.V. Moskvicheva, A.A. Sakharova, Y.N. Gonchar, D.O. Ignatkina, T.A. Kuzmina, Wastewater treatment using a mixed reagent prepared 
from petroleum waste, Vestnik Volgogr. state. arh.-building. univ. Ser.: Construction and architecture. 34 (2013) 114௅119. 
[17] Y.B. Rubinstein, Y.A. Filippov, Kinetics of flotation, Nedra, Moscow, 1980. 
[18] C. Webb, G.M. Black, B. Atkinson, Process engineering aspects of immobilised cell systems, Institution of chemical engineers publications, 
Rugby, 1986. 
[19] Y.I. Tarasevich, The hydrophobized expanded perlite - flotation collector of emulsified oils, Chemistry and technology of water. 6 (1985) 
35௅37. 
[20] A.N. Frumkin, Physical and chemical bases of the theory of flotation, Publishing AN USSR, Moscow, 1932. 
[21] E.V. Moskvicheva, Resource processes as the basis of environmentally friendly technologies galvanic chrome plating from aqueous and 
non-aqueous environments, Ph.D.diss., Moscow, 1998.
